The objective of this study was to determine how parents of preverbal children determine whether their child is having otalgia. We constructed 8 cases describing a 1 year old child with acute otitis media (AOM) using various combinations of the following 6 observable symptoms: fussiness, ear tugging, eating less, fever, sleeping difficulty and playing less. Parents of children with a history of AOM presenting for well or sick appointments to an ambulatory clinic were asked to assign a pain level to each case on a visual analog scale. 69 parents participated in the study. Each of the 6 behaviors was associated with increased pain levels (P < 0.0001). Ear tugging and fussiness had the highest impact on the assigned pain levels. Higher level of parental education and private insurance were associated with higher reported pain levels (P = 0.007 and P = 0.001, respectively). Because interpretation of symptoms appears to be influenced by socioeconomic status, we question the utility of using an overall pain score from a 1-item parent scale as an outcome measure in clinical trials that include preverbal children.
Background
Otalgia (i.e., ear pain) is the most prevalent and important symptom of AOM. 10, 1, 6 Concern regarding otalgia prompts parents to bring their child for medical evaluation. Clinicians often prescribe antimicrobials or analgesics with the hope of shortening the duration of otalgia. If antimicrobial therapy is not prescribed initially, as in the watchful waiting approach, persistence of otalgia is an indication for starting antimicrobials. Furthermore, otalgia is frequently used as a criteria for inclusion of children in AOM studies. 5, 8 A previous study by Heikkinen found that the positive and negative predictive value of otalgia for the diagnosis of AOM was 83% and 78%, respectively. 3 A systematic review of the signs and symptoms of AOM concluded that otalgia was the most useful symptom in the diagnosis of AOM (Likelihood ratio 3.0-7.3). 12 In addition, otalgia is often used in the assessment of outcome in clinical trials. 2, 13 The Cochrane review on the efficacy of antimicrobials for AOM focused on otalgia as the most relevant outcome in AOM trials. Accordingly, the methods used to measure severity of otalgia are of considerable importance.
Yet, in preverbal children, who constitute the majority of children with AOM, it is not clear how parents determine whether their child is having otalgia. Specifically, it is unclear which of the symptoms of AOM impacts parental pain assessment the most. Information regarding specific symptoms with high levels of association with otalgia can help clinicians focus their history taking.
To our knowledge, no study to date has investigated what information parents of preverbal children use to determine the severity of otalgia. By creating scenarios of children with various constellations of symptoms, we aimed to provide a preliminary data to inform this question.
Methods
We constructed cases that described typical symptoms of a 1 year old child with AOM. We used combinations of the following 6 observable symptoms (fussiness, ear tugging, eating less, fever, sleeping difficulty, playing less) to construct the cases. We chose these 6 symptoms because in a previous study, 14 these symptoms 1) were associated with the otoscopic diagnosis, 2) were identified by parents as an important, and 3) could be manifestations of otalgia.
For each case, certain symptoms were present and others were absent. The order in which the cases were presented was chosen at random and is shown in Table 1 . We used an SPSS package (ORTHOPLAN) to generate the minimum number of orthogonal cases and to ensure the absence of multicollinearity between them. 11 This resulted in a total of 8 cases; one case described an asymptomatic child.
The University of Pittsburgh Institutional Review Board approved the study. We enrolled parents of children 3 months to 2 years old with a history of AOM in the past 12 months presenting for well or sick appointments to an outpatient ambulatory clinic. Parents were asked for permission to be interviewed while waiting for their child to be evaluated by a physician. Interviews were conducted in a private setting. The instructions stated: "We are trying to find out how parents can tell when their child is in pain. Below are 8 descriptions of what a 1-year-old child with an ear infection may have. If you were the parent of this child, how you would rate the child's pain level?" For each case, we provided parents with list of all symptoms that were present or absent in the hypothetical child (see Table 1 ). Aside from this list, no further descriptive or qualifying information was provided regarding the child or their symptoms.
After reviewing the symptoms that were present or absent in each case, we asked parents to slide a pointer to the most appropriate "pain level" on a 55 cm vertical visual analog scale numerically scaled in units from 0 to 100 ("No pain =0" and "Worst imaginable pain=100"). From each respondent, we also collected information regarding race, education level, and health insurance status.
Parents who assigned a pain score of >10 out of a possible 100 to the case with the asymptomatic child were excluded from all analyses. Exclusion of parents who do not appear to understand the instructions is standard practice for behavioral studies that use rating scales. 11 A multivariate linear mixed effects model with a random intercept was used to test the association between the predictor variables (demographic characteristics, symptoms) with the outcome (assigned pain level). We used a mixed effects model because of the multiple observations (8 case scores) per respondent. We used the log-transformed pain level because pain scores were heavily skewed (Table 3) . To describe the independent association between each symptom and pain levels in the mixed model, we report the slope of the regression line (β), and a p value. To determine the magnitude of variance in level of pain explained by each symptom, we calculated a pseudo-R 2 using the univariate correlations. 15 Results 69 parents participated in the study. 10 were excluded because they assigned a high level of pain to the case describing an asymptomatic child. Most parents were African American (71%), had public insurance (77%) and were not college graduates (79%).
Parents assigned higher pain scores to the cases with more symptoms: higher pain scores were assigned to the cases with 4 symptoms than to the cases with 3 symptoms (P<0.001).
The case describing the asymptomatic child received the lowest pain scores.
In univariate analysis, each of the 6 behaviors was associated with increased levels of pain ( Figure 1 , P < 0.0001 for each). On multivariate analysis, ear tugging and fussiness had the highest impact, whereas eating less and playing less had the least impact on perceived levels of pain (Table 2) . Overall, the 6 symptoms explained 47% of the variance of the assigned level of pain.
Parent education and private insurance were associated with slightly higher reported levels of pain (see Table 3 ; P = 0.007 and P = 0.001, respectively). Adjusting for these variables in the multivariable model did not appreciably modify the magnitude or significance of the associations between each symptom and the assigned level of pain; ear tugging and fussiness remained the two most important factors regardless of level of parent education or insurance status. Race was not significantly associated with the level of pain (P = 0.19).
Discussion
Our results support the hypothesis that parents of children with AOM use information from child's observable behaviors to determine their child's level of pain. Although no symptom by itself dominated parental assessment, ear tugging and fussiness seem to be the most important symptoms in influencing perception of pain by parents.
Our findings also suggest that reporting of overall pain level by parents may depend not only on the symptoms present in the child, but also on a host of other child and parental factors. Maternal education and insurance status, characteristics that are frequently used as proxies for socioeconomic status appear to influence pain assessment. This is not entirely surprising because pain is ultimately a subjective construct which is therefore likely to be influenced by biological, psychological and social factors. Although the biopsychosocial model of pain is well accepted, there is little data in the pediatric literature linking socioeconomic status and the level of acute pain. Most of the studies examining the influence of psychosocial factors on pain levels were conducted among adults with chronic pain or among subjects who were exposed to experimentally induced pain.
This study has important implications for pain measurement in clinical trials that include preverbal children. Although it is attractive to simply ask parents to rate their child's pain level on a 1-item severity scale, there has been evidence questioning the validity of this approach. 16 Because of the myriad of behavioral and non-behavioral factors go into parental assessment of the overall pain level in preverbal children, it is unclear what such a global question is actually measuring. In this study, we have shown that observable behaviors only account for approximately 50% of the pain level. We have also shown that overall pain levels are associated with socioeconomic status. These findings, if corroborated by other studies, suggest that in the context of research, where the emphasis is on validity and reliability, the use of 1-item assessment of pain may not be appropriate. An alternative approach may be to focus on the measurement of the behaviors that are can be clearly observed and measured. Previous studies in adults have shown that direct observation of pain behaviors and self-reports of pain intensity are strongly correlated, especially in individuals with acute pain. 7, 4 In a previous, and much larger study, we did not find any association between the reporting of symptom severity by parents from different socioeconomic classes or educational backgrounds. 14 This suggests that reporting of the individual symptoms and pain behaviors is less prone to variability than reporting of a global pain level. In the most recent guidelines on the measurement of pain in pediatric clinical trials, all pain measures recommended were multi-item scales; use of global single item scales for the measurement of pain in preverbal children was not endorsed. 9 In a clinical setting, we feel that asking parents about specific observable behaviors, such ear tugging and fussiness would nicely complement a general question about ear pain. This would ensure that clinicians are aware of the specific symptoms present and at the same time fully understand and address parental concerns about their child's condition.
Our study was limited by the relatively small sample size and the homogeneous study population. In addition, parent's response to scenarios about a hypothetical child may differ from their real life responses regarding their own child. Yet, we feel that we were able to convincingly show that parental assessment of the degree of otalgia is based on both behavioral cues as well as parental interpretation of these cues. The association between socioeconomic status and ear pain has not been previously reported and further research is warranted to confirm these findings and explore the reasons for these differences. Effect of each symptom on the assigned pain level* *Box plots comparing pain score in children with (gray boxes) and without (white boxes) the symptom in question. The median (horizontal line dividing each box) and the minimum and maximum values (represented by the edges of the box) are also shown. Table 1 Description of symptoms used in each case * β = Slope oF the regression line, symptoms with higher β coefficients have a larger impact on pain levels † se(β) = standard error of the β coefficients ‡ Pseudo-R 2 assesses the proportion of variation in outcome "explained" by the model. 
